The purpose of the present study was to examine the effects of the ePortfolio-based learning approach (ePBLA) on knowledge sharing and creation with 92 college students majoring in electrical engineering as the participants. Multivariate analysis of covariance (MANCOVA) with a covariance of pretest on knowledge sharing and creation was conducted for examining differences in knowledge sharing and creation between an experimental group (a total of 47 participants using ePBLA) and a control group (a total of 45 participants not using ePBLA or creating eportfolio). A t-test was also performed for examining the differences in knowledge sharing and creation of the experimental group before and after using ePBLA. The results showed that: a) the experimental group had significantly better knowledge sharing and creation than the control group; and b) the experimental group had significantly better knowledge sharing and creation after using ePBLA. The results implied that ePBLA facilitated knowledge sharing and creation. Furthermore, relationships between knowledge sharing and creation were also enhanced by the use of ePBLA.
Introduction ePortfolio-based learning
Electronic portfolio (ePortfolio) based learning (ePBL) is a learning approach for learners to achieve selfdevelopment and progress by using eportfolios to systematically collect evidence about their learning progresses and efforts, as well as to review their learning progress and present their learning performance according to their leaning goals and reflections. Under ePBLA, instructors act as guides to integrate ePortfolios into teaching and learning. Responsibilities for an instructor using ePBLA include teaching students how to create an ePortfolio, set learning goals, write reflections, perform self-assessment, and provide peer feedback (Danielson & Abrutyn, 1997; Higher Education Funding Council for England [HEFCE], 2008) . ePortfolios are helpful to learning when they act not only as a discrete entity, but also as a learning or teaching strategy (Hartnell-Young et al., 2007 ). An ePortfolio cannot only be a storage for evidence, it should be applied to teaching and learning in order to make it effective (HEFCE, 2008) . Therefore, ePortfolios must be integrated into learning or teaching for a learning or teaching strategy in order to be effective. This shows the importance of ePortfolios as a learning or teaching strategy. ePortfolios save and display data through digitalisation. The Internet allows peers to share their ePortfolios with one another without limitations of spaces and artefact types. Learners can set learning goals and reflect, as well as systematically accumulate, collect, and present their artefacts. A study done by Chau and Cheng (2010) suggested that ePortfolios support independent learning through processes of planning, monitoring, and reflection. These processes are positively support learners' learning processes and performance, and provide self-development opportunities (Cavaller, 2011; McMullan, 2006) . Since learners can show individual abilities through ePortfolios, they can be used to save learners' learning progresses. The development processes of an ePortfolio include learning-goal setting, data collection, reflection, artefact modification, artefact collection, artefact presentation, learning content arrangement, self-assessment, peer assessment, peer observing and emulating, and peer feedback (Coombe & Barlow, 2004; Hughes, 2008; Joyes, Gray, & Hartnell-Young, 2010; Sharma, 2007) . Among these processes, artefact presentation, peer assessment, peer observing and emulating, and peer feedback via the Internet relate to knowledge sharing, whereas reflections, artefact modification, and learning content arrangement via the Internet are relevant to knowledge creation . Chau and Cheng (2010) argued that during the development of ePortfolios, learners are able to achieve knowledge construction through sharing with peers and instructors. Although knowledge construction and knowledge creation differ from each other, their conceptions are similar. With the support of digital technology, ePortfolios are more convenient than paper-based portfolios because they are positive to knowledge sharing and facilitate knowledge creation. These statements are only explanations of concepts because they need to be further confirmed by empirical studies . Whether or not ePortfolios facilitate knowledge sharing and creation is a worthy issue to be examined.
Process of ePortfolio-based learning approach
Many studies have discussed various ePortfolio-based learning approaches (ePBLAs). The six steps to ePBLA proposed by HEFCE (2008) included: (1) to define (to set goals for ePortfolio, to confirm types of ePortfolio and creating tools, as well as to make sure learners' needs and features of learning environment); (2) to understand (to understand learning outcomes that a student should achieve); (3) to prepare (to train instructors and students, as well as to allow instructors and students to understand ePortfolios); (4) to engage (to determine the most effective strategies for engaging and sustaining the commitment of learners as well as supporting learners' use of ePortfolios); (5) to implement (to carry out eportfolios); and (6) to review (to assess students' learning outcomes). Although the range covered by the process of ePBLA proposed by HEFCE was broad, it could support student learning (e.g. review/assessment).
A guide to the stages in portfolio development and reviews/assessment done by Challis (1999) included: a) to develop a framework and documentation for portfolio; b) to establish means for supporting learners during portfolio development; c) to introduce portfolio to learners; d) to develop individual action plan; e) to identify sources of evidence of learning appropriate to identified learning needs; f) to gather and document evidence of learning; g) to monitor process, h) to assess/review portfolios, and i) to report results to appropriate bodies. However, the range covered by the process of ePBLA proposed by Challis was too broad, but could support student learning (e.g., review/assessment).
An ePortfolio assessment approach established by Chang and Tseng (2009) involved: preparation (to introduce ePortfolios and to explain how to create ePortfolios); implementation (to set learning goals, to present artefacts, to write reflections, to observe artefacts, to self-assess, and to give peer feedback); and presentation (to present ePortfolios and to explain thoughts toward creation). Compared to Challis (1999) , the range covered by the approach established by Chang and Tseng was a little bit narrow, but it was more specific, clear, and focused. It also tended to describe the approach from the learners' perspective. Chang and Tseng's (2009) approach emphasised web ePortfolio-based assessment activities, which supported student learning (e.g., reflection, presentation, and assessment).
A process for developing a portfolio stated by Danielson and Abrutyn (1997) contained collection, selection, reflection, projection, and presentation. Collection means what materials and artefacts will be collected depending on portfolio purposes. Selection indicates the selection criteria for materials to be included in a portfolio. Reflection includes reflections on learners' learning processes and outcomes depending on every entry in a portfolio. Projection means reviewing learners' reflections on learning, making evaluation and deciding future directions. Presentation means sharing the portfolio with peers and receiving feedback. The approach stated by Danielson and Abrutyn focused on the development of paperbased portfolios, which could support student learning (e.g., reflection, presentation, and evaluation). Their approach could also be applied to ePortfolios.
An ePortfolio development process proposed by Barrett (2000a Barrett ( , 2000b ) integrated a multimedia development process with the portfolio development process, and included five stages. Barrett's stages of the ePortfolio development process consisted of: (a) defining the portfolio context and goals (multimedia development -decide/assess; portfolio development -purpose and audience); (b) working portfolio (multimedia development -design/plan; portfolio development -collect); (c) reflective portfolio (multimedia development -develop; portfolio development -select, reflect, and direct); (d) connected portfolio (multimedia development -implement; portfolio development -inspect, perfect, and connect); and (e) presentation portfolio (multimedia development -present, publish, and evaluate; portfolio development -respect and celebrate). The approach proposed by Barrett focused on the development and use of multimedia ePortfolios, which could support student learning (e.g., reflection, presentation, and evaluation).
In sum, since each approach holds its own background and context, key points stressed by each approach were not exactly the same. However, each approach mentioned review, and evaluation or assessment at least, which implied that assessment and ePortfolio were closely related to each other. Although ePBLA does not require ePortfolio-based assessments, assessments can make ePBLA more complete. The comparisons among different ePBLA approaches are summarised as Table 1 . Knowledge sharing refers to the behaviour where learners or workers mutually provide valuable information or ideas among peers. Knowledge creation refers to the behaviour where learners or workers produce new or original ideas which are useful to their learning or jobs. Effects of ePortfolios on knowledge sharing and creation can be explored from activities in its development process. Robinson (2006) argued that learning-goal setting can facilitate learners' self-reflection and self-feedback, whereas reflection and feedback allow learners to enjoy sharing. Moreover, reflection can facilitate learners' thinking and innovation (Metz & Albernhe-Giordan, 2010) . Therefore, learning-goal setting and reflection in ePortfolios are beneficial to knowledge sharing and knowledge creation. During the development process of ePortfolios, students would create new ideas through reflections (Coombe & Barlow, 2004; Metz & Albernhe-Giordan, 2010) , in order to improve their works (Akcil & Arap, 2009; Chau & Cheng, 2010; Gülbahar & Tinmaz, 2006) . Since relationships between new ideas and artefact improvement with knowledge creation exist, reflections with the use of ePortfolios are helpful to knowledge creation.
Artefact sharing among peers can facilitate learners' improvement on artefacts (Buyukduman & Sirin, 2010) . Artefact sharing and improvement are common behaviours performed by learners during the development process of ePortfolios. During artefact sharing and improvement, new ideas are produced, demonstrating that artefact improvement is helpful for knowledge creation. Self-assessment and peer assessment in ePortfolios not only require knowledge application, but also stimulate students to create new ideas (Lee, Goh, Chua, & Luyt, 2009 ). Knowledge sharing, can be facilitated through peer assessment, and also by observing and emulating (Wray, 2007) . Therefore, self-assessment, peer assessment, and observing and emulating in portfolios are helpful for knowledge sharing creation. Feedback in ePortfolios makes learners willing to share knowledge actively (Cavaller, 2011) , which may innovate knowledge . Therefore, peer feedback in ePortfolios may facilitate knowledge sharing and creation. The above-mentioned behaviours, including learners' self-assessment, peer assessment, peer observing and emulating, and peer feedback, are common learning activities. Overall, ePortfolios can be a tool for knowledge sharing and creation. In other words, ePBL can enhance knowledge sharing and creation.
Gap between the present study and previous studies
The study results from Metz and Albernhe-Giordan (2010) showed that the use of ePortfolios enhanced learners' creativity. This was also confirmed by Hartnell-Young et al. (2007) . Although the meanings of creativity and knowledge creation are similar, whether the use of ePortfolios can also facilitate knowledge creation still needs to be further examined. A study done by Peet et al. (2011) confirmed that ePortfolios facilitated knowledge presentation and integration based on the perspective of integrative learning, but the study was not about knowledge sharing and creation. Bozhko and Heinrich (2011) proposed a concept map about a framework for knowledge management of ePortfolios, but did not focus on knowledge sharing and creation. The tool for knowledge management was only a concept map, not an ePortfolio, and was described only based on a theory because it was not confirmed by an empirical study.
In the development of ePortfolios, learners can share learning outcomes with one another through peer assessment, peer observing and emulating, as well peer feedback, which is similar to knowledge sharing. ePortfolios allow learners to organise and present learning outcomes (Lorenzo & Ittelson, 2005) . The presentation of learning outcomes belongs to knowledge sharing behaviour, whereas the organisation of learning outcomes is a source of knowledge creation. Reflections on artefacts can stimulate new ideas (Coombe & Barlow, 2004; Metz & Albernhe-Giordan, 2010 ) which might enhance knowledge creation. In short, activities in the development process of ePortfolios can probably facilitate knowledge sharing and creation. However, most of the above-mentioned studies were about descriptions of theories, not supported by empirical studies, and not about ePortfolios. Research about effects of ePortfolios on knowledge sharing and creation is almost none, therefore it is necessary to conduct an empirical study to confirm the effects.
Research purposes and questions
The above-mentioned background justifies the present study, the purpose of which was to examine the effects of ePBLA on students' knowledge sharing and creation. The research questions are:
1. For the experimental group, are there any significant differences in knowledge sharing and creation before and after using ePBLA? 2. Are knowledge sharing and creation significantly better than before using ePBLA? 3. Are there any significant differences in knowledge sharing and creation between the experimental group using ePBLA and the control group without using ePBLA? 4. Does the experimental group perform significantly better than the control group?
Research method Participants
The participants were 92 third-year undergraduates, with 65 males and 27 females, from two classes of programming language at a university. The participants were randomly assigned to either the experimental group or the control group. There were a total of 47 students, with 33 males and 14 females, in the experimental group using ePBLA. The software, FrontPage, was used as a tool for creating an ePortfolio and saving learning processes and outcomes. In the control group there were a total of 45 students, with 32 males and 13 females, not using ePBLA or creating ePortfolios. Two 1-hour class periods were held each week. The experiment took 9 weeks. Class environment, course contents, class hours, and class schedules were the same for both groups. The instructor was also the same for both groups in order to avoid any differences in teaching.
Students majoring in electrical engineering were proficient in computer operations, familiar with FrontPage, and good at creating ePortfolios. The curriculum of programming language provided many opportunities to practice and discuss, which was appropriate as a record for reflections. The students were required to complete two artefacts: (a) a comparison and analysis of programming language; and b) a case analysis for computer programming. The artefacts required analyses and reorganisation, which was appropriate for reflections. Reflections and artefact presentations were the main in class ePortfolio activities.
Research design and framework
Pretest-posttest control-group design of quasi-experimental research design was applied. A pretest on knowledge sharing and creation was conducted for both groups as a covariance of statistical analyses. A posttest on knowledge sharing and creation was administered to both groups after the treatment of the experiment.
Methods for data analyses included: (a) dependent-sample t-test examining differences in knowledge sharing and creation before and after the use of ePBLA for the experimental group; (b) multivariate analysis of covariance (MANCOVA) with the covariance of pretest on knowledge sharing and creation for examining differences in knowledge sharing and creation between both groups; and (c) Pearson's correlation approach for examining relationships between knowledge sharing and creation.
Experiment
The ePBLA applied was based on the ePortfolio development process (Barrett, 2000a (Barrett, , 2000b , the guide to the stages in portfolio development and reviews/assessment (Challis, 1999) , the ePortfolio assessment approach (Chang & Tseng, 2009) , the process for developing a portfolio (Danielson & Abrutyn, 1997) , and the six steps to ePBLA (HEFCE, 2008) . The ePBLA was as specific as possible and focused on learning activities in the development and use of ePortfolios. The students in the experimental group used ePBLA to record their learning progresses and outcomes in ePortfolios. Learning activities included learning-goal setting, reflection, artefact presentation, artefact observing and emulating, artefact improvement, student self-assessment, and peer feedback. The instructor played a role of guidance for integrating ePortfolios into instructions. The responsibilities for the instructor were guiding students how to: (a) create ePortfolios, (b) set learning goals, (c) write reflections, (d) self-assess; and (e) provide peer assessment and feedback. The control group did not use ePBLA or ePortfolios.
There were three phases for the experiment, including preparation (first week), implementation (from second to eighth week), and presentation (ninth week). Both groups took two 1-hour class periods each week. The course contents consisted of types of programming language, framework of programming language, comparison of programming language, practices on programming, and examples of programming.
The phase for the first week was preparation (pretest on knowledge sharing and creation). The instructor firstly set goals for ePortfolios in the class, and then confirmed the students' needs and features of a learning environment, and ensured they understood learning outcomes to be achieved. Next, for the experimental group, the instructor showed ePortfolios to the students and explained the principles of ePortfolios. The instructor also described how to use FrontPage software to create ePortfolios and provided opportunities for the students to practice. For the control group, the instructor explained the key concepts of course content, paper-based artefact submission, class note arrangement, artefact observing and emulating, and peer feedback. The questionnaire of knowledge sharing and creation was administered to both groups during the classes.
The phase from the second to eighth week was implementation. The instructor started the instruction of the course for both groups. For the experimental group, the students used the FrontPage software to create ePortfolios and uploaded them to an assigned website after the class, so they could share and observe with one another. The students participated in activities for creating the two artefacts, including learning-goal setting, artefact presentation, writing reflections, self-assessment, peer observing and emulating, peer assessment, and peer feedback. Before each week of classes, the students set their own learning goals according to the course content for the week. After each week of classes, the students reviewed whether they achieved their goals and wrote down the reflection. The participants also collected and organised learning content, lecture notes, and lecture photos in their ePortfolios. After each week, the instructor reviewed the students' ePortfolios and reflections, as well as gave feedback. The students also viewed peers' ePortfolios and gave feedback.
After each session (3 weeks) of artefact creation, the instructor reviewed the students' artefacts and provided feedback, and the students participated in activities of self-assessment, discussions, artefact observing and emulating, artefact improvement, peer assessment, and peer feedback. Although the students in the control group were not required to create ePortfolios, they still needed to submit paper-based artefacts, make selfassessment, arrange lecture notes, undertake discussions, and view paper-based artefacts. There was no peer assessment and feedback in the control group.
The phase for the ninth week was presentation (posttest on knowledge sharing and creation). The students in the experimental group participated in an oral presentation (including artefact presentation) and explained how they had created their ePortfolios. The students in the experimental group participated in artefact presentation. The students in both groups completed a questionnaire of knowledge sharing and creation after the class. The instructor gave a final assessment toward learning outcomes for both groups.
Questionnaire of knowledge sharing and creation

Questionnaire development
The questionnaire adopted was revised from the questionnaire of knowledge sharing and creation proposed by Chang and Tsai (2012) . The questionnaire was reviewed by the author and the researcher assistant to assure the appropriateness of each item. Input from the reviews of three experts ensured the questionnaire measured the meanings of knowledge sharing and creation, and assured the accuracy of the items. These experts were professionals in the field of ePortfolios and/or knowledge sharing and creation.
The items in the questionnaire explain the activities for developing ePortfolios, including reflection, artefact improvement, artefact self-assessment, rearrangement of learning contents (e.g., notes, handouts, and website resources), peer feedback toward artefact, teacher feedback toward artefact, peer observing and emulating, and discussion. There were a total of 16 items in the questionnaire, with 8 items for knowledge sharing and 8 items for knowledge creation. The questionnaire was a 5-point Likert type. The higher the score, the more a student agreed with the item. Knowledge sharing mainly measured sharing status among peers. The items are listed as follows: a) I frequently share reflection processes or outcomes with peers. b) I frequently share artefact improvement processes or outcomes with peers. c) I frequently share self-assessment processes or outcomes of artefacts with peers. d) I frequently share notes, handouts, and website resources that I put in order with peers. e) I frequently share peer feedback toward my artefacts with peers. f) I frequently share teacher feedback toward my artefacts with peers. g) I frequently share thoughts of observing and emulating others' artefacts with peers. h) I frequently spend time on peer sharing and discussions.
Knowledge creation mainly measured students' changes in their thinking and knowledge. The items are listed as follows: a) I frequently create knowledge with my own thinking style through reflections. b) I frequently create knowledge with my own thinking style through artefact revisions. c) I frequently create knowledge with my own thinking style through self-assessments toward artefacts. d) I frequently create knowledge with my own thinking style through arrangements of learning contents (e.g., notes, handouts, and website resources). e) I frequently create knowledge with my own thinking style through peer feedback toward my artefact. f) I frequently create knowledge with my own thinking style through teacher feedback toward my artefact. g) I frequently create knowledge with my own thinking style through observing and emulating on others' artefacts. h) I frequently create knowledge with my own thinking style through discussions.
Item analysis
An independent samples t-test was conducted to compare the differences in each item between high and low score groups in pretest. The results revealed that t values for all the items were significant, meaning that each item possessed a satisfactory discrimination index. The Pearson's correlation approach was also performed for examining the relationships between the score of each item and the total score of the questionnaire. The result revealed that correlation coefficients for all the items were significant, which meant that each item possessed adequate internal consistency.
Validity and reliability
The Bartlett's test of sphericity was significant. The Kaiser-Meyer-Olkin (KMO) values of sampling adequacy for knowledge sharing and creation questionnaires were all greater than 0.7 (almost 0.8), which is appropriate for factor analysis (Gravetter & Wallnau, 2008) . The proportion of the sample size (92 students) to the total item number (16) of the two questionnaires was greater than 5:1. Therefore, the factor analysis was appropriate to undertake.
A principal components analysis (PCA) with varimax rotation of orthogonal rotation was conducted for the factor analysis, so the information among factors would not overlap and factor loadings were easy to explain (Howell, 2010) . Since the factor loading for each item was greater than 0.5, none of the items in the questionnaire had to be deleted (Hair, Black, Babin, & Anderson, 2010) . The two questionnaires with an Eigenvalue greater than 1 were confirmed. The explained variances for the two questionnaires were all greater than 48% (almost 50%), implying that the validity of the questionnaire was adequate.
The reliability coefficients of the knowledge sharing questionnaire for pretest and posttest were greater than 0.8, as measured by Cronbach's α, suggesting that the questionnaire had a relatively high reliability. The knowledge creation questionnaire had the similar result.
Results and discussions
Differences in knowledge sharing and creation between pretest and posttest
A dependent-sample t-test was performed to examine the differences in the knowledge sharing and creation between pretest and posttest results in both the experimental group and control group simultaneously. For the control group, there were no significant differences (p > 0.05) in knowledge sharing and creation before and after the experiment. As shown in Table 2 , for the experimental group, there were significant differences (p < 0.01) in knowledge sharing and creation before and after the experiment. Students' knowledge sharing and creation after using ePBLA were significantly better than before, which showed that the use of ePBLA had a positive effect on students' knowledge sharing and creation.
The effect size for the dependent-sample t-test was d. Me was the mean of the pretest for the experimental group. Mc was the mean of the posttest for the experimental group. SDc was the standard deviation of the pretest for the experimental group. Therefore, d = │(Me -Mc)│/SDc. Determinative standards were: (a) low relationship, .2 > d ≧ .01; (b); moderate relationship, .5 > η² ≧ .2; (c) moderate-high relationship, .8 > η² ≧ .5; and (d) high relationship, η² ≧ .8 (Cohen, 1988) . As shown in Table 2 , the effect sizes, ePBLA had a moderate-high relationship with knowledge sharing and creation. The effect size of knowledge sharing was greater than knowledge creation, showing that ePBLA facilitated knowledge sharing more than knowledge creation. In addition, a dependent-sample t-test was performed to examine the differences in each item of knowledge sharing and creation between pretest and posttest for the experimental group. The results showed that each item was significant (p < .05). For knowledge sharing, the item "I frequently share reflection processes or outcomes with peers", possessed the highest effect size, whereas the item "I frequently share teacher feedback toward my artefacts with peers", possessed the lowest effect size. The result implied that reflection had the greatest effect on knowledge sharing, and teacher feedback had the smallest effect. For knowledge creation, the item "I frequently create knowledge with my own thinking style through self-assessments toward artefacts", possessed the highest effect size, whereas the item "I frequently create knowledge with my own thinking style through discussions", possessed the lowest effect size. The result implied that selfassessment had the greatest effect on knowledge sharing, and discussion had the smallest effect.
Differences in knowledge sharing and creation between the two groups
An independent sample t-test indicated that there were no significant differences in the knowledge sharing and creation pretests between the experimental group and the control group (p > .05). Multivariate analysis of covariance (MANCOVA) was performed to examine the differences in knowledge sharing and creation between the two groups The covariate variable was the pretest of knowledge sharing and creation. As shown in Table 3 , Wilk's Λ (p < 0.01) showed a significant result, indicating that the students in both groups had a significant difference in either knowledge sharing or knowledge creation. The results revealed that both groups were significantly different in knowledge sharing and creation (p < .001). The students in the experimental group were significantly better than the students in the control group in knowledge sharing and creation (Table 4) , indicating ePBLA facilitated knowledge sharing and creation.
The determinative standards on effect size for MANCOVA were: (a) low relationship, .059 > η²≧ .01; (b) moderate relationship, .138> η² ≧ .059; and (c) high relationship, η² ≧ .138 (Cohen, 1988) . As shown in Table 3 , ePBLA had a high relationship with knowledge sharing and creation. The effect size of knowledge sharing was greater than knowledge creation, showing that ePBLA facilitated knowledge sharing more than knowledge creation. An analysis of covariance (ANCOVA) was conducted to examine the differences in each item of knowledge sharing and creation between the experimental group and the control group. From the results it appeared that each item was significant (p < .05). For knowledge sharing, the item "I frequently share self-assessment processes or outcomes with peers", possessed the highest effect size, whereas the item "I frequently share peer feedback toward my artefacts with peers", possessed the lowest effect size. The result implied that self-assessment had the greatest effect on knowledge sharing, and peer feedback had the smallest effect. For knowledge creation, the item "I frequently create knowledge with my own thinking style through teacher feedback toward my artefact", possessed the highest effect size, whereas the item "I frequently create knowledge with my own thinking style through discussions", possessed the lowest effect size. The result implied that teacher feedback had the greatest effect on knowledge sharing, and discussion had the smallest effect.
Correlations between knowledge sharing and creation
As shown in Table 5 , for all the students there were significantly positive relationships between knowledge sharing and creation (p < .05). For the experimental group, there were significantly positive relationships between knowledge sharing and creation (p < .01). For the control group, there was no significantly positive relationship between knowledge sharing and creation. The result implied that the use of ePBLA increased the strength of the correlations between students' knowledge sharing and creation.
Based on the varieties of correlations from pretest and posttest, for the experimental group, there was no significantly positive relationship between knowledge sharing and creation for the pretest, but there were significantly positive relationships between knowledge sharing and creation for the posttest. The result indicated that the correlations between students' knowledge sharing and creation were enhanced after using ePBLA. .27* **p < .01, ***p < .001
Discussion
The students in the experimental group had significantly better knowledge sharing after using ePBLA than before. The experimental group also had significantly better knowledge sharing than the control group. These results confirmed a perspective that the use of ePortfolios can facilitate knowledge sharing as proposed by Lorenzo and Ittelson (2005) . Therefore the perspective proposed by Lorenzo and Ittelson, was not proved by empirical study, but was confirmed by the present study. A study done by Wray (2007) revealed that peer assessment as well as observing and emulating facilitated knowledge sharing. A study done by Cavaller (2011) showed that feedback from ePortfolios facilitated learners' active knowledge sharing. These study results were consistent with the results in the present study. For example, students mentioned that knowledge could be shared easily with peers through ePortfolios in their personal ePortfolios:
I have done my best to organize knowledge acquired from classes to notes and save in the ePortfolio each week. After uploading to the Internet, I frequently also explore classmates' ePortfolios to see if they also have organized their notes due to my curiosity. The study results showed that the students in the experimental group had significantly better knowledge creation after using ePBLA than before. The experimental group also had significantly better knowledge creation than the control group. Results found in a study Metz and Albernhe-Giordan (2010) revealed that the use of ePortfolios facilitated learners to create new ideas and enhanced their creativities. This was consistent with the results in the present study. The difference between the study done by Metz and Albernhe-Giordan (2010) and the present study was that the study of Metz and Albernhe-Giordan examined effects of ePortfolios on creativity among university students, and the curriculum adopted in their study was artefact design. A study done by Coombe and Barlow (2004) demonstrated that the process of developing ePortfolios was positive for the students to create new ideas. A study result found by Lee et al. (2009) showed that self-assessment and peer assessment in ePortfolios could stimulate assessors to create new ideas. These outcomes are consistent with the results of the present study. Students mentioned in their personal ePortfolios that reflections, viewing peers' ePortfolios, and arranging notes, could produce new ideas:
I frequently think when writing reflections. I frequently also recall knowledge that I have acquired. Viewing others' ePortfolios has enhanced my reflections and been helpful to my knowledge growth. 
Conclusion and implications
The present study confirmed that ePBLA can facilitate knowledge sharing and creation. Thus, the ePBLA can be integrated with each learning subject because the use of ePortfolio can facilitate learners' knowledge sharing and creation. The majority of previous ePortfolio studies have examined the effects on learning, but almost none of them have examined the effects on knowledge sharing and creation. Therefore, the research results in the present study are meaningful.
The ePBLA facilitated knowledge sharing, indicating that peer observing and emulating as well as peer feedback (i.e., the activities of ePBLA) transferred to knowledge sharing behaviour after a 9-week learning process. The ePBLA facilitated knowledge creation, meaning that reflection, self-assessment, peer observing and emulating, peer assessment, and peer feedback (i.e., the activities of ePBLA) helped students to create new ideas. Overall, the ePBLA can enhance students' knowledge sharing and creation abilities, which can be a tool for knowledge sharing and creation. Therefore, when planning ePBLA, the incidence of activities for knowledge sharing and creation should be increased in order to enhance the effectiveness of ePBLA.
Limitations and future work
The present study focused on quantitative inference and did not explore qualitative data. This was one of the limitations. For the future, qualitative data, including learning goals set by students, reflective contents, and artefacts can be explored further. This shortcoming as a limitation of the present study might be overcome by using multiple measurement approaches (e.g., achievement test, behaviour observation, and peer-assessment etc.). It could also be interesting to explore all the different and particular ways that knowledge sharing actually promotes learning objectives and/or exactly how it works to give new knowledge to students.
